We successfully demonstrated experimentally the electricalfield mediated control of the spin of electrons confined in an SOI Quantum Dot (QD) device fabricated with a standard CMOS process flow. Furthermore, we show that the Back-Gate control in SOI devices enables switching a quantum bit (qubit) between an electrically-addressable, yet charge noise-sensitive configuration, and a protected configuration.
cross (no coupling) or anticross (Cv1v2 ≠ 0). In the former case ( Fig. 8a) ), only spin-preserving inter-valley transitions can be expected in response to pure E-field excitations. In the latter case, due to states mixing near the anticrossing, B-dependent spin/valley transition diagonals may add-up to the EDSR signal (Fig. 8b) ). A color plot of IDS measured in a cryostat at T=15mK vs. E-field frequency and B clearly shows spin resonance lines (Fig. 8c) ). This is to our knowledge the first experimental measurement of micromagnet-free resonant E-field manipulation of electron spins in Si QDs [6] .
Programming a valley state, encoding a spin state Since the splitting between v1 and v2 is related to charge confinement close to an interface, it is possible to tune ΔV by modulating the vertical electric field. This was shown in [7] using coplanar side Gates on bulk Si, but SOI offers the possibility of using the Back-Gate potential Vb. We calculated the ΔV(Vb) energy dependence using a Tight Binding model for the valley and the SO coupling at the atomistic level [8] . The results are shown in Fig. 9 together with corresponding plots of the electron wavefunction. The tunability of ΔV can be leveraged as schematized on Fig. 10 : adiabatically changing Vb allows following the lower branch past the anticrossing and transitioning continuously from | , ↑ to | , ↓ . If one defines the qubit basis states |0 as | , ↓ and |1 as this hybridized lower branch, Vb enables to switch between a pure spin regime and a pure valley regime. The advantage of a valley qubit is the all-electrical addressability of inter-valley transitions, the downside being sensitivity to charge noise and hence shorter decoherence times. Conversely, when in spin regime, the qubit is scarcely addressable electrically but benefits from a longer lifetime.
This approach leads to circumventing a trade-off between qubit manipulation speed and coherence time, thus improving the number of operations/error. Advantageously, the qubit rotation speed is maximal when the charge is pulled away from the interfaces, which is more difficult to achieve by using only coplanar Front Gates [9]. Fig. 11 shows the simulated chronograms of the electrical RF Gate1 excitation signal (ν = 23.66 GHz), the resulting Rabi oscillations of the qubit (fRabi = 80 MHz) in valley mode, and the eventual spin rotation as Vb adiabatically ramps past the anticrossing back to spin mode. We accounted for local surface roughness variability to estimate the impact of ΔV fluctuations on the optimal operating Vb range ( Fig.  12) , which can be individually calibrated for each qubit with separate Back-Gates.
Conclusions We induced spin transitions in MOS Gate-confined electrons in a Si NW using only E-field excitations and without resorting to co-integrated micromagnets. The underlying mechanism is based on the interplay between Spin-Orbit Coupling (SOC) and the multi-valley structure of the Si conduction band, and is enhanced by the "Corner Dot" device geometry. By offering the ability to break and restore the confinement symmetry at will, the SOI Back-Gate permits fast programming in valley mode, and information storage in spin mode. This functionality could alleviate the trade-off between fast manipulation and long coherence time, thereby improving the outlook for compact, scalable and fault-tolerant quantum logic circuits. ΔV is maximal when the charge is confined against an interface. Positive Vb tends to pull the wavefunction towards the center of the NanoWire, away from the interfaces. A further Vb increase results in increasing ΔV again, due to charge confinement against the interface with the buried oxide. As the Vb ramp is reversed, the |1 eigenstate transitions from | , ↓ to | , ↑ , thus leading to a π rotation of the spin. Fig.12 : Impact of local surface roughness variability on the ΔV(Vb) dependence (RMS 0.4nm). The spreading tends to be less severe near the ΔV minimum, so the magnetic field can be chosen to operate close to this point. As ΔV=g.µB.B defines the anticrossing, traveling up the curve leads to the spin regime, and down to the valley regime. Separate back-Gates for each qubit would enable to adjust individually the Vb range to toggle between the spin and valley regimes.
